BaFe2S3 is a quasi one-dimensional Mott insulator that orders antiferromagnetically below 117(5) K. The application of pressure induces a transition to a metallic state, and superconductivity emerges. The evolution of the magnetic behavior on increasing pressure has up to now been either studied indirectly by means of transport measurements, or by using local magnetic probes only in the low pressure region. Here, we investigate the magnetic properties of BaFe2S3 up to 9.9 GPa by means of synchrotron 57 Fe Mössbauer spectroscopy experiments, providing the first local magnetic phase diagram. The magnetic ordering temperature increases up to 185(5) K at 7.5 GPa, and is fully suppressed at 9.9 GPa. The low-temperature magnetic hyperfine field is continuously reduced from 12.9 to 10.3 T between 1.4 and 9.1 GPa, followed by a sudden drop to zero at 9.9 GPa indicating a first-order phase transition. The pressure dependence of the magnetic order in BaFe2S3 can be qualitatively explained by a combination of a bandwidth-controlled insulator-metal transition as well as a pressure enhanced exchange interaction between Fe-atoms and Fe 3d -S 3p hybridization.
Since the discovery of superconductivity in LaFeAsO 1−x F x the Fe-based superconductors have been heavily studied [1] . LaFeAsO, BaFe 2 As 2 , and their isostructural equivalents are semi-metals showing a spin-densitiy wave order below the magnetic phase transition temperature T N . Both compounds share the same structural motif: a two-dimensional Fe-As layer with a planar Fe square-lattice [2] . Superconductivity (SC) can be induced in both compounds by applying hydrostatic pressure or chemical substitution [1, 3, 4] . The discovery of pressure-induced SC in BaFe 2 S 3 added a new class to the Fe-based SC [5, 6] . BaFe 2 S 3 is different in two aspects: it i a Mott insulator at ambient conditions and its basic structural motif are quasi one-dimensional ladders of edge-sharing FeS 4 tetrahedra [5, 7, 8] . The compound crystallizes in the orthorhombic Cmcm space group and orders antiferromagnetically (AFM) with a stripe-type arrangement below ∼ 125 K [5, 7, 8] . It was found that nesting can be excluded as a mechanism for the AFM order, in contrast to the FeAs-based compounds [9] . At the critical pressure p c ∼ 10 GPa an insulator-metal transition occurs and a non-magnetic SC phase with transition temperatures up to 24 K at 12 -13 GPa was observed [5, 6] .
So far, the evolution of magnetic order with pressure over a large pressure range has only been studied indirectly by means of resistivity measurements [6] , while investigations with magnetic local probes have only been reported up to 2.6 GPa [10, 11] . In order to fill this knowledge gap we performed synchrotron 57 Fe Mössbauer spectroscopy (SMS) experiments on BaFe 2 S 3 single crystals as a function of temperature and pressure up to 9.9 GPa. SMS allows to independently measure the magnetic volume fraction and the magnetic hyperfine field, which is a measure for the magnetic moment, and thus the magnetic phase diagram can be explored with high precision. We found that the pressure dependence of the low-temperature magnetic hyperfine field and the magnetic phase transition temperature are consistent with a combination of a bandwidth-controlled insulator-metal transition as well as a pressure enhanced exchange interaction between Fe-atoms and Fe 3d -S 3p hybridization [12] [13] [14] . The critical pressure p c of the Mott transition is ∼ 9.9 GPa.
Single crystals were grown from BaS, Fe, and S powders in a glassy carbon crucible sealed in an evacuated quartz ampule. The ampule was placed in a box furnace, heated up to 1100
• C, and cooled slowly to 750 • C. BaFe 2 S 3 mm-sized single crystals with needle morphology were then mechanically extracted from the crucible. As-grown crystals were characterized by powder x-ray measurements and by energy-dispersive x-ray spectroscopy for compositional analysis.
The SMS experiments were conducted at the beamline 3ID-B of the Advanced Photon Source, Argonne National Laboratory, USA. The measurements were conducted between 10 and 200 K and 1.4 and 9.9 GPa using a special He-flow cryostat and a miniature diamond anvil cell [15, 16] . Daphne oil 7575 was used as the pressure transmitting medium to ensure quasi-hydrostatic pressure conditions. The pressure was measured in situ via ruby fluorescence with an uncertainty of 0.1 GPa. The beam size was 15×20 µm 2 (FWHM). The SMS spectra were analyzed using CONUSS [17] .
SMS spectra for representative temperatures and pressures are shown in Fig. 1 . In the paramagnetic tempera- ture regime a minimum due to a quadrupole splitting QS was observed. With increasing pressure the minimum is shifted to longer times showing a reduction of QS. In the AFM temperature regime an oscillation pattern was observed showing the presence of static magnetic order. With increasing pressure the oscillation frequency is reduced showing a reduction of the magnetic hyperfine field B hf . The pressure dependence of QS, which is directly proportional to the electric field gradient (EFG) at the Fe nucleus, is shown in Fig. 2 . QS is temperature independent in the investigated temperature regime below 180 K within error bars. Therefore, QS does not change at the magnetic phase transition which is in contrast to the FeAs-based compounds where QS increases [18] [19] [20] [21] . This indicates the absence of a charge redistribution due to the magnetic order which is most likely a result of the stronger localization of the electrons in the Mott insulator BaFe 2 S 3 compared to the more itinerant FeAs-based systems. QS shows a monotonic reduction from ∼ 0.60 to ∼ 0.35 mm/s at 1.4 and 9.9 GPa, respectively. Between 1.4 and 6.1 GPa QS decreases with −0.014(1) mm/s / GPa which changes to −0.061(9) mm/s / GPa between 6.1 and 9.9 GPa. Room temperature x-ray diffraction (XRD) experiments observed a continuous reduction of the a-/b-/c lattice parameters with increasing pressure [22] . This continuous reduction would result in a con- stant slope of QS as a function of p while a change in slope indicates a change in either the electronic and/or crystallographic structure. This change in the slope above 6.1 GPa coincides with a discontinuous change in the S heights from the iron plane between 6 and 8 GPa [22] . This is consistent with the fact that the EFG is very sensitive to the anion height [23] . Another possible cause is an increased delocalization of the formerly localized electrons [24] . This might indicate that the fingerprint of the metallic state is already visible at pressures lower than p c . Analyzing the temperature dependence of the magnetic hyperfine field B hf (T ), which is shown in Fig.  3 , in the vicinity of the magnetic phase transition using an order parameter function of the type B hf (T ) = B hf (0) × (1 − T /T N ) β the critical exponents β were obtained. β increases from 0.09(1) to 0.28(2) for 1.4 and 7.5 GPa, respectively. This increase suggests that the inter-ladder interaction is enhanced with increasing pressure due to a reduction of the inter-ladder Fe distances, strengthening the three-dimensional character of the magnetic order. The star data point shows phase separation with ∼ 72% PM signal fraction. The triangle data point at ambient pressure was obtained by magnetization measurements on single crystals of the same batch. TN continuously increases to 185(5) K at 7.5 GPa followed by a rapid suppression to zero at 9.9 GPa. In contrast, B hf is continuously reduced to 10.3(1) T at 9.1 GPa followed by an abrupt suppression to zero at 9.9 GPa.
The pressure dependence of the magnetic phase transition temperature T N is shown in Fig. 4 . Magnetization measurements on single crystals from the same batch (not shown) at ambient pressure revealed a magnetic phase transition temperature of T N = 117(5) K. T N continuously increases to 185(5) K at 7.5 GPa followed by a rapid suppression to zero at 9.9 GPa. This increase in T N is consistent with muon spin relaxation experiments conducted in the low pressure region [11] . Yamauchi et al. conducted dc resistivity measurements and observed a maximum in T N at ∼ 3 GPa followed by a monotonic reduction with increasing pressure [6] . Reasons for the discrepancy could be anisotropies in the resistivity or slightly different stochiometries [25] . The increase of T N between 0 and 7.5 GPa can be explained by an increase of the exchange interaction [14] . The application of pressure compresses the unit cell volume and reduces the Fe-Fe distances [22] . As a consequence the exchange interaction between the Fe-atoms, and thus T N may increase.
The pressure dependence of the low-temperature magnetic hyperfine field B hf is shown in Fig. 4 . B hf continuously decreases from 12.8(1) to 10.3(1) T at 1.4 and 9.1 GPa, respectively, followed by an abrupt suppression to zero at 9.9 GPa indicating a first-order phase transition. We conducted two measurements at 9.9 GPa and one shows paramagnetic (PM) behavior down to 10.3 K while in the second measurement a phase separation of ∼ 72% PM and 28% magnetic volume fraction with a magnetic hyperfine field of ∼ 8 T was observed. Taken into account that small pressure differences might occur, this result supports the first-order phase transition interpretation. An extrapolation of our data to ambient pressure yields B hf = 13.4(1) T at low temperatures, in agreement with a previously reported value of ∼ 13.5 T [5] that corresponded to an ordered moment of 1.2 µ B , as determined by neutron scattering. Other reported values for the ordered magnetic moment range between 1 µ B [10] and 1.3 µ B [11] . However, for the entire pressure range studied in this work, B hf is in good qualitative agreement with DFT calculations that show a reduction of the magnetic moment by ∼ 20% between 0 and 8 GPa followed by a suppression to zero for pressures above 10 GPa [11, 26, 27] .
The pressure dependence of B hf is in contrast to the observed increase of T N . XRD measurements at room temperature have shown that the Fe-S distance decreases with increasing pressure [22] . This will most likely enhance the Fe 3d -S 3p hybridization and thus decrease the ordered Fe magnetic moment similarly to the FeAs-based compounds [28] [29] [30] . Moreover, DFT calculations have shown that a shorter Fe-S distance weakens the magnetic moment [11] . However, the strong suppression between 9.1 and 9.9 GPa indicates that the Fe 3d -S 3p hybridization cannot be the only reason for the reduction of B hf .
The first-order phase transition of B hf can be explained by an increase of the electronic band width W, as the insulator-metal transition in BaFe 2 S 3 was identified to be bandwidth-controlled [5] . Calculations have shown that W increases by ∼ 25% between 0 and 12.4 GPa while the Coulomb repulsion U decreases by 6-7% [31] . Therefore, by increasing pressure, W /U increases, giving rise to an abrupt insulator-metal transition at the critical pressure, and reducing the magnetic moment and thus B hf to zero.
In summary, we have studied the local magnetic phase diagram of BaFe 2 S 3 as a function of pressure up to 9.9 GPa by means of synchrotron Mössbauer spectroscopy. We observed upon increasing pressure a continuous increase of the magnetic ordering temperature, that reaches a maximum value of 185(5) K at 7.5 GPa, and decreases abruptly to zero at 9.9 GPa. In contrast, the low-temperature hyperfine field decreases by ∼ 20% between 1.4 and 9.1 GPa, followed by a sharp suppression to zero at 9.9 GPa indicating first-order phase transition. Additionally, the magnetic order appears to acquire an increasingly three-dimensional character between 1.4 and 7.5 GPa, in line with an increase of the inter-ladder interaction. As a result of this study, the pressure dependence of the magnetic order in BaFe 2 S 3 can be qualitatively explained by a combination of a bandwidth-controlled insulator-metal transition, a pressure enhanced exchange interaction between Fe-atoms, and Fe 3d -S 3p hybridization.
